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;''T Example 3.15. Write down the homogeneous transformation matrices for the'co-'ordinatf% 
frames situated at the points A, B and C, with respect to base co-ordinate frame O.Whatis the;: 
—position- and orientation of B with respect to frame ‘C‘ ? Refer Fig. 3.15 for the considered «)-| 


ordinate frames. 






3.15 Co-ordinate Frames!^ 










ROBOT MOTION ANALYSIS 




- * • - — — — ~ , , ■» 

Sol. ( i ) Homogeneous transformation matrices 
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is the position and orientation of the cjpbc u$pfi re0pif0the 6q^0miihati 
£, system . 

(b) After the system has been setup, some one rotates the cnmerq^O" abouPtHe^a^is of 
the camera. What is the position and orientation of the camra with rMe$0irbbot t s 
base co-ordinate system ? ; • " S-; ; ^ S: ■ife-' : v4 :■ 

(CJ Ine *? me Person rotated by 90 0 the object about the-x-axis of the object atidtranshted 
5 um*s of distance along the rotated y-axis. What is the position and,0{en(qtion'Qf 
. -•-•- j * ” e o y e c ^ w **h respect to the robot's base co-ordinate systphp? M 
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Ans. Position of the camera after the change is given by [8, 15, £ 6] T 
/The orientation of camera with respect to base W. g: -V?* ;/H 
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sequence of operations ^ tlan * forraation of matrix .C. transformation consists of J 

• Rotation of4>0° about Z. 

• Rotation of 0*90°) about lS$J\ 
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The position and orientation of object with respect to base co-ordinates, 
By chain product rule, 
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Ana. The position vector = [251 4, 2] T 
The orientation matrix « [«, s, a] = 
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(«) To determine the position and orientation of the object with respect to gripper 
chain product rule, ■ y 
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3.13 MANIPULATOR PARAMETERS 
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. . A robot manipulator is a chain of rigid bodies, called links, connected in sequence by 
joints, known as lower pair joints. The links remain in contact at the joints with two surfaces 
sliding ovaaToire another relatively. There are totally six possible lower pair joints : prismatic 
(sliding) joint, revolute (rotary) joint, cylindrical, screw, spherical and planar joints. The robot 
manipulators are generally, designed with prismatic or/and -revolute joints. In a serial open 
loop formation each link forms connection, at the. most, with two other links. Each pair of a 
link and a joint contributes single degree of freedom . ‘N’ numbers of pairs provide ‘N 1 degrees 
of freeddm for a manipulator. Link 1 forms a joint ‘0’ with the base which establishes an innertaaJ 
co-ordinate frame for a dynamic system anylysis of a industrial robot. The last link at its free 
end accomodates a topi or a gripper. Both the base and the gripper are not considered as the 
part of a robotic manipulator. 

In general the link 7c* gets connected at the two ends with link \k - 1) and link ( h + 1), * 
v forming two joints at the ends of connections. The link is characterised by the (i) distance 
and (it) the angle (0,), between the adjacent links. The joint is featured by (a) length (q h ) and (6) 
the twist angle (a^) of the link ft. The manipulator parameters determine structure and relative 
position of links in the arm. : ■*' * \ '* • • 
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Answer all the following questions^ 
Question No. 7 


4 th year Computer-; 
Midterm Apr.201.2 
Time : land half hr. 




Define a Robot. 

Discuss the advantages and disadvantages of using robots in industry. 

Compare hard automation with soft automation. 

Discuss the impact of robotic induction on direct labour. 

What are various types of reference frames attached to a robotic? Explain with example. 
t3rierl> discuss the various robot components. 


Question No. 2 


K : 3 P ° int PalK in the mobile frame 0ABC is § iven b y [4.3,2] t . If the flame OABC 

!he base frame W H t6SPeCt ^ °-° f th ® 0XYZ frame ’ f,nd the co-ordinates of P xyz with respect to 

2 - f r C b nYv 7 dy ,rn erenC r e - 1 fr ^ 1 e T OABC is rotated 30 ° about °Y-axis of the fixed base reference 
Z. If P xyz [-2,4,6] , Q xyz -[-1,3,5 ] t are the co-ordinates with respect to OXYZ plane 
what are the corresponding co-ordinates of P and Q with respect to OABC frame? 

3. The co-ordinates of point Q with respect to base reference frame is given by [4,2,5] T . Determine the 
OX isbC? 68 ° f Q WUh re$PeCt t0 m0b ' le r ° tated fr3me ° f thC r ° b0t if the ang,e ofrotatlon with the 

4. Determine the homogeneous transformation matrix to represent a rotation of 60° about OX-axis and 
a translation of 10 units along the OA-axis of the mobile frame. 

5. Determine the homogeneous transformation matrix to represent the following sequence of 

operations: “ ^ 

i. Rotation of 30° OX-axis. 

ii. Translation of 5 units along OX-axis. 

iii. Translation of -8 units along OB-axis 

iv. Rotation of 60“ about OA-axis 

6. Write down the homogeneous transformation matrices for the co-ordinate frames situated at the 
points A,B and C with respect to OX^A frame in the figure shown. Write down by inspection and 
matrix operation the position and orientation of frame B with respect to frame C 
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Answer all the following questions; 


Question No. 1 

V. Define a Robot. 

/£• Discuss the advantages and disadvantages of using robots in industry. 

'3^-Discuss the impact of robotic induction on direct labour. 

What are various types of reference frames attached to a robotic? Explain with example. 
r rite the homogeneous transformation matrix of Euler I representation. 

Question No. 2 

The co-ordinates of a point j^ym the mobile frame OABC is given by [1,2,3] T . If the frame 
OABC is rotated 45° with respect to OY of the OXYZ frame , find the co-ordinates of P xy2 with 
respect to the base frame. 

✓ K ( f ? -*=0 

A mobile body reference frame OABC is rotated 3 0° about OX-axis of the fixed base reference 
frame OXYZ. If P xyz =[-l, 2, 3] r , Q xyz =[3, 2, 1] T are the co-ordinates' with respect to OXYZ 
plane, what are the corresponding co-ordinates of P and Q with respect to OABC frame? 

e co-ordinates of point Q with respect to base reference frame is given by [4,2,- l] r . 
Determine the co-ordinates of Q with respect to mobile rotated frame of the robot if the angle of 
rotation with the OX is 60°. ' 

" 5-^?- 

tf' Determine the homogeneous transformation matrix to represent a rotation of 60° about OX-axis 
/ and a translation of 10 units along the OA -axis of the mobile frame! 




/ 


/' 


E. Determine the homogeneous transformation matrix to represent the following sequence of 
y operations: 

i. Rotation of 30° OX-axis. 

_ ii. Translation of 1J) units along OZ- axis. 

iii. Translation of -5 units along OA-axis 

iv. Rotation of 60° about OB-axis 
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Answer all the following questions; 


Question No. 1 (5 Degrees ) 

1 . 1 Define a Robot. % 

2. Compare hard automation with soft automation. 

3. Discuss the impact of robotic induction on direct labour. \ 

4. What are various types of reference frames attached to a robotic? Explain with example. 

C What are performance parameters? Define repeatability, resolution and accuracy. 

■ \ 

Question No. 2 \ \ (15 Degrees] 

1. A mobile body reference frame OABC is rotated 60° about OX-axis of the fixed base reference 
frame OXYZ. If P xyz =[2,4, 6] T , Q xyz =[1,-3,5] T are the co-ordinates with respect to OXYZ 
plane, what are the corresponding co-ordinates of P and Q with respect to OABC frame? 

r The co-ordinates of point_£_with respect to base: reference frame is given by [3, -2, 5] . 

' Determine the co-ordinates of E with respect to mobile rotated frame of the robot if the angle of 
rotation with the OA is 






X 


Determine the homogeneous transformation matrix to represent a rotation of 30° about OY-axis 
and a translation of 10 units along the OB -axis of the mobile frame. 

/t. Determine the homogeneous transformation matrix to represent the following sequence of 
operations: ’ 

i. Rotation of 30° OY-axis. 

ii. Translation of 10 units along OX,-axis. 

iii. Translation of -8 units along OB-axis 

iv. Rotation of 60° about OB-axis 

5. Write down the homogeneous transformation matrices for the co-ordinate frames attached to 
the comers A,B,C and D with respect to the base co-ordinate frame "0". Also write down the 
the transformation matrix for A with respect "C" frame and verify the same by finding the 
inverse. . , s 
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Answer all the following questions 


(20 marks) 


uestion No. 1 


/T. Discuss the advantages and disadvantages of using robots in industry. 

^2. What is workspace? Give the functional diagram with the workspace for the following 
robots i-3R-robot. ii-2RP robot. 

3. Draw any two Euler angle systems and show rotations and angles. 

yf. What are performance parameters? Define repeatability, resolution and accuracy. 

^5. Compare hard automation with soft automation. 

6. Define the term: Robot kinematics. 

^ 1 . Differentiate between robot forward kinematics and robot inverse kinematics. 

8. Mention the two DH assumptions for frame assignment in forward kinematics. Explain how they 
reduce the parameters required to relate frame i to frame i — 1. 

9. In your own words, explain briefly how machine learning can be used to estimate robot 
inverse kinematics. (Explain the steps of applying machine learning). 


(20 marks) 

The co-ordinates of a point P„bc in the mobile frame OABC is given by [2,4, 5] T . If the frame 
OABC is rotated 45° with respect to OY of the OXYZ frame , find the co-ordinates of P xyz 
with respect to the base frame. 

A mobile body reference frame OABC is rotated 30° about OZ-axis of the fixed base 
reference frame OXYZ. If P xyz =[-l,2,3] T , Q m =[2,-3,l] T are the co-ordinates with respect 
to OXYZ plane, what are the corresponding co-ordinates of P and Q with respect to OABC 


uestion No. 2 


For the the object shown in figure 1, find the 4x4 homogeneous transformation matrices °Ai 
for i= 1 >2 and thus find the transformation of frame at point 1 with respect to the frame at 
point 2 (i.e. 2 Ai ), 




Figure 1 

problem 3. of Question No.2 


v 

Question No. 3 (22 marks) 

Determine the homogeneous transformation matrix to represent a rotation of 30° about OZ- 
axis and a translation of 20 units along the OB-axis of the mobile frame. 


2. Determine the homogeneous transformation matrix to represent the following sequence 


operations 
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a. Rotation of 45° OZ-axis. 

b. Translation of4 units along OX-axis ; 

c. Translation of -4 units along OB-axis 

d. Rotation of 90° about OA-axis 


3 A robotic work cell has a camera with in the setup. The origin of the six joint robot fixed 
to a tee be seen by the camera. The homogeneous transformation matrix H, maps 
the camera with the cube centre. The origin of the base co-ordinate system as seen from 
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ordinate system? 

b) After the system has been setup, someone rotates the camera 90 about the x-axis 
of the camera. What is the position and orientation of the camera with respect to 
robot's base co-ordinate system? 

c) The same person rotated by 90 the object about the z-axis of the object and 
translated 5 units of distance along the rotated y-axis. What is the position and 
orientation of the object with respect to the robot's base co-ordinate system? 


Question No. 4 






(23 marks) 


1 . A six joint robotic manipulator equipped with a digital TV camera is capable of 
continuously monitoring the position and orientation of an object. The position and 
orientation of the object with respect to the camera is expressed by a matrix [Ti], 
the origin of the robot’s base co-ordinate with respect to the camera is given by 
[T 2 ], and the position and orientation of the gripper with respect to the base co- 
ordinate frame is given by [T3]. Where 
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T,= 


Determine: i-the position and orientation of the object with respect to the base co-ordinate, 
ii- the position and orientation of the object with respect to gripper. 

2. For the Cylindrical manipulator shown in figure 2, Find the homogeneous transformation 
matrix describing the forward kinematics of the whole manipulator, i.e. the position and 
orientation of the end effector with respect to the base. (Hint: Apply DH-convention) 


Figure 2 
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